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ABSTRACT 

A study was conducted to compare the noncatalytic 
altitude ignition characteristics of the N204/MMH 
and 98 percent H202/MMH propellant combinations. 
All tests were conducted with a 91-pound-thrust, 

150-psia chamber pressure combustor with a 16-element 

(unlike doublet) splash plate design injector. 

simulated altitude was l5O,OOO feet; nominal tempera- 
tures were 100 F. 

The 

The two firings with the H202/MMH propellants resulted 
in injector-damaging pressure spikes in the 3500-psi 

range. These were considerably in excess of the 

average ignition spikes of 325 psi noted during the 
114 N204/MMH tests. 

The effects of valve timing and ignition delay on 

spiking for the N 0 /MME combination were noted and 

discussed. For this propellant combination, uncor- 

rected c* efficiencies of approximately 94 percent 
were found. 

2 4  
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A brief program was conducted for the purpose of comparing the noncatalytic 

altitude igntion and performance characteristics of the N204/MMH and the 
98 percent H 0 /MMH propellant combinations. The test facilities and hard- 
ware employed were similar to those used in the catalytic phase of the 

program (Volume I). 
compatibility requirements were made. 

2 2  

Only those system modifications dictated by peroxide 

All tests were conducted in a nominally 91-pound-thrust, 150-psia chamber 

pressure, combustor. 

plate design. The simulated preignition altitude was 150,000 feet, and 
propellant and hardware temperatures were kept at 100 F. 

The injector was 16 element (unlike doublet) splash- 

For the 114 successful N 0 /MMH tests conducted, the average o f  the igni- 

tion pressure spikes was 325 psi. .Only two of the tests had spike pres- 
sures greater than 1000 psia. 

tests were 2145 and 3645 psia. 
+lS6 percent was found. of 2.0 an uncorrected c* efficiency of 94.1 

2 4  

The approximate spiking pressures for these 

For the nominally employed mixture ratio 

-1.3 

The N 0 /MMH data were analyzed for the effect OP valve timing on spiking 
magnitude. 

lead of approximately 5 milliseconds (lead in introduction of oxidizer to 
chamber). 
and the estimated variations in ignition delay was found. 

were estimated to be a maximum of f0.g millisecond. No absolute measure- 

ments of ignition delay were made, 

time and ignition delay were found to be 13.5 and 20.0 milliseconds for 

fuel and oxidizer, respectively. 

2 4  
A maximum in the average spiking level was found at an oxidizer 

For the N 0 /MMH data, no correlation between spiking magnitudes 2 4  
The variations 

The average sums o f  the manifold fill 

Two firings were conducted with the H 0 /W propellant combination. 

first resulted in two pressure spikes 13 milliseconds apart, and magnitudes 

The 
2 2  

1 
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of 3200 and 2300 psia, respectively. 
were damaged. The injector was dished in the upstream direction, and the 

splash plate was dished in the downstream direction. The second firing, 

conducted with a new injector and splash plate, was characterized by a 
single pressure spike o f  approximately 300 pia. 

splash plate were damaged a s  in the previous test. 

O-ring seal between the injector and splash plate was unseated. 
sulting gas leakage and an unstable combustion condition precluded the 
obtaining of meaningful c* data. 

Both the injector and splash plate 

Both the injector and 

During both tests the 

The re- 

Ignition delays for the H202/MMH system were estimated to be 8 to 10 mil- 
liseconds greater than for the N204/MMR system, 
H 0 /MMH altitude ignition characteristics were considerably more severe 

than the N204/MMH ignition characteristics. It was further concluded that 
the H202/MMH ignition characteristics are of such severity as to preclude ’ 

its use in thrustors o f  the type employed, i.e., ones in which a splash 

plate injection system is used. 

It was concluded that the 

2 2  

2 
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INTRODUCTION 

A s  discussed in Volume I of this report (Re€. l ) ,  

golic N204/hydrazine-type-fuel propellant combinations under altitude condi- 

tions usually is accompanied with a pressure spike. 

coincident with initial chamber pressure rise and is characterized by rise 

times in the submillisecond range. Because sucll ignition cllaracteristics 
are undesirable it was decided to investigate the ignitioncharacteristics 
of another propellant coubination, 98 percent H 0 /MMH. 
comparison with the N 0 /MMH propellants, a combination presently in use, 

a test program was designed to test both combinations under identical 

conditions. 

ignition of the hyper- 

This spike is typically 

To effect a direct 2 2  
2 4 

A limited amount of bipropellant peroxide effort had been accomplished 

previously (Ref. 2 ). hploying a flat-face injector of what was at that 

time (1960) state-of-the-art design, a series of six 90 percent H202/N2H4 
firings were conducted. 

combustion. 

jectors, one in a cracked injector, and one in an oxidizer manifold explo- 

sion. Another, in a throatless motor, was characterized by rough burning. 

These resulted in hard starts and generally rough 
For the six firings conducted, three resulted in burned in- 

Subsequent H 0 /N H work was carried out with an N204 slug start. 
resulted in nondestructive, relatively smooth ignitions. The resulting 

combustion was characterized, however, by intermittent high-frequency, low- 

amplitude, chamber pressure oscillations. 

ations were also discussed in Ref. 2. 

these, and results similar to the H202/N2H4 work were obtained. 

These 2 2  2 4  

H202/UDMH and H202/Jl'-5 combin- 

Hypergolic slugs were employed with 

For the present work, the test facilities and hardware employed were similar 
to those used during the catalytic phase of the program (Volume I of this 
report). Only system modifications dictated by peroxide compatibility 

3 



requirements  were made. 

valves. Slower response ,  h ighe r  void-volume Marot ta  v a l v e s  werv s u b s t i t u t e d  

f o r  t h e  peroxide  incompatible  Rocketdyne va lves .  Because system i g n i t i o n  

c h a r a c t e r i s t i c s  a r e  in f luenced  by t h e  v a l v e  c h a r a c t e r i s t i c s  and because a 

d i r e c t  comparison of t h e  two p r o p e l l a n t  combinat ions w a s  d e s i r e d ,  i t  w a s  

necessary  t o  conduct ano the r  s e r i e s  o f  N 0 /MMH f i r i n g s ,  i n  a d d i t i o n  t o  

t h o s e  d i scussed  i n  Volume I. 

A major mod i f i ca t ion  r equ i r ed  w a s  w i t h  t h e  main 

2 4 

As discussed  i n  Volume I, d i f f e r e n t  modes of i g n i t i o n  p r e s s u r e  s p i k i n g  a r e  

p o s s i b l e  depending on p u l s e  h i s t o r y .  For  t h e  p r e s e n t  work, i t  was o f  in- 

t e r e s t  t o  s t u d y  s p i k i n g  which occurred  du r ing  ope ra t ion  i n  which t h e  volumes 

downstream o f  t h e  v a l v e  poppets  would complc tc ly  empty between 1nilses.  

Pu l se  t r a i n  o p e r a t i o n  was i n v c s t i p i t e d  f i r s t .  However, complete i n a n i f o l d  

emptying d i d  not  occur  w i t h  t h e  t y p i c a l  pu l se  t r a i n s  used.  Tl ierefore ,  

t h e  method o f  t e s t i n g  was clinngecl t o  a s ing le -pu l se  o p e r a t i o n  vi t l i  o f € -  

t imes  between p u l s e s  of  t y p i c a l l y  3 t o  5 minutes .  F u r t h e r ,  a Iiardware 

arid p r o p e l l a n t  tempera ture  o f  100 F TGIS s e l e c t c d  t o  enlinnce the cliaiice 

of manifold emptying. 

4 



* @  ROCYETDYNE A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N .  I N C  

MPERIMENTAL APPARATUS AND PROCEDURE 

Thrust Chamber 

A reaction control engine configuration, similar to that of the Apollo 

Command Module RCS engine, was used for the program. A solid-wall, water- 
cooled thrust chamber was used in place of the ablative Apollo RCS thrust 

chamber. Key thrust chamber design parameters were: 

ThrGat diameter, inches 0.710 

Contraction ratio 3.2 
Contraction half angle, degrees 20 

Characteristic length, inches 11.3 

Nozzle expansion ratio 15 

An assembly drawing and photograph of the chamber are presented in Fig. 1 
and Fig. 2. The chamber was also used for the work reported in Volume I 
of this report. 

chamber and nozzle section drilled with internal cooling passages and 

encased in a stainless-steel sheath. A pressure transducer port com- 
patible with a water-cooled Kistler transducer was located in the chamber 

wall just upstream of the start of nozzle convergence. 

The thrust chamber consisted of an integral copper 

Temperature conditioning was accomplished by pumping the conditioning 

water through the cooling passages. 

ture measurements were obtained from a thermocouple attached directly to 

the outside of the copper chamber. 

Prerun steady-state chamber tempera- 

5 
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Splash P l a t e  I n j e c t o r  

A sp lash-p la te  i n j e c t o r  c o n f i g u r a t i o n  s i m i l a r  t o  t h a t  of t h e  Apollo 

Command Module RCS engine ,  w a s  used f o r  t h e  experimental  e f f o r t .  

s t a i n l e s s - s t e e l  i n j e c t o r  assembly was i n  two p i e c e s ,  an i n j e c t o r  and a 

sp l a sh  p l a t e .  

from A p o l l o  i n j e c t o r s .  

pinging doub le t s  equa l ly  spaced i n  a c i r c l e  wi th  t h e  f u e l  and ox id ize r  

o r i f i c e s  placed on 0.48 and 0.36 inch  r a d i i ,  r e s p e c t i v e l y .  

v a l v e s  were removed from t h e  i n j e c t o r  and a mechanical f i t t i n g  was in-  

s t a l l e d  f o r  c lose-coupl ing t h e  main va lves .  

i s  shown i n  F ig .  3. 

The 

The i n j e c t o r s  were obta ined  by machining t h e  s p l a s h  p l a t e  

The f a c e  p a t t e r n  was comprised of 16 u n l i k e  i m -  

The i n t e g r a l  

A photograph of t h e  i n j e c t o r  

The s t a i n l e s s - s t e e l  s p l a s h  p l a t e s  were i d e n t i c a l  t o  t h e  Apollo s p l a s h  

p l a t e  design wi th  one except ion.  I n s t e a d  of being i n t e g r a l  w i th  t h e  

i n j e c t o r  as i n  t h e  Apollo des ign ,  t h e  s p l a s h  p l a t e  was a s e p a r a t e  seg- 

ment pos i t ioned  i n  f r o n t  of t h e  i n j e c t o r .  

Main Valves 

The A p o l l o  Command Module RCS engine main v a l v e s ,  u t i l i z e d  f o r  t h e  e f f o r t  

repor ted  i n  Volume I ,  could not  be used i n  t h i s  e f f o r t  because of incom- 

p a t i b i l i t y  wi th  t h e  hydrogen peroxide.  

va lve  were f a b r i c a t e d  from 400 s e r i e s  s t a i n l e s s  s t e e l ,  a m a t e r i a l  no t  

chemically compatible wi th  t h e  peroxide.  

I n t e r n a l  components of t h e  Apollo 

The f i n a l  s e l e c t i o n  of v a l v e s ,  Marot ta  Model MV43SA. was based c h i e f l v  

on a v a i l a b i l i t y .  The Marotta va lve  (F ig .  4 )  i s  so lenoid  opera ted  wi th  

an apprec iab ly  

m s  a s  compared t o  8 m s ) .  
longer  c o i l  s a t u r a t i o n  t ime than  t h e  Apollo valve  (33 

However, once s a t u r a t e d ,  t h e  va lve  opening 

6 
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t i n e  i s  comparable (approximately 2 . 7  ms f o r  t h e  Marotta va lve  a s  compared 

t o  approximately 1.3 ms f o r  t h e  Rocketdyne v a l v e ) .  

a l a r g e r  i n t e r n a l  voluue and a l s o  could n o t  be connected t o  t h e  i n j e c t o r  

w i t h  the  same degree of c lose-coupl ing  a s  tile Apollo v a l v e ,  s o  t h a t  over- 

a l l  manifold f i l l i n g  t imes were longer  (17.5 m s  itn(I 20.0 m s  f o r  t h e  f u e l  

and o x i d i z e r  r e s p e c t i v e l y ,  a s  comparecl t o  -9 i n s  anc1 -6 m s ) .  

The Marot tn  valve Iiad 

Valve Actua t ion  Measurement. 

by measuring a v o l t a g e  s i g n a l  from a n  i n d u c t i o n  c o i l  wrapped around t h e  

Marot ta  v a l v e  so lenoid  c o i l .  The i n d u c t i o n  c o i l  picked up t h e  magnetic 

f l u x  from t h e  o p e r a t i n g  c o i l  when it was energ ized ,  and a l s o  d e t e c t e d  t h e  

armature motion due t o  i t s  e f f e c t  on t h e  magnetic f i e l d .  F i g u r e  5 shows 

t y p i c a l  t r a c e s  of t h e  o u t p u t  of t h e  monitor ing c o i l s .  A s  t h e  o p e r a t i n g  

c o i l  was energ ized  t h e  v o l t a g e  a c r o s s  t h e  monitor ing c o i l  r o s e ,  then  

began t o  decay because t h e  e n e r g i z i n g  c u r r e n t  was no longer  changing. 

The movement of t h e  armature changed t h e  magnetic f i e l d  s t r e n g t h  and in-  

duced an  a d d i t i o n a l  v o l t a g e  a c r o s s  t h e  monitor ing c o i l  t h a t  appeared a s  

a peak i n  F i g .  5 .  A t y p i c a l  K i s t l e r  t r a n s d u c e r  output  i s  a l s o  shown 

i n  F i g .  5 . 

Main v a l v e  opening and c l o s i n g  was monitored 

DATA RECORDING 

Data w a s  recorded as shown i n  Table  1 on e i t h e r  one o r  a combination o f  

t h e  fo l lowing  record ing  i n s t r u m e n t s :  

1. Hieland Model 7l2C, 60 channel  o s c i l l o g r a p h ,  0 t o  7 Khz response ,  

CEC type  1-127 AC a m p l i f i e r s ,  Dana Model 3840 DC a m p l i f i e r s ,  

Rocketdyne-designed, s o l i d - s t a t e ,  e m i t t e r  f o l l o w e r  a m p l i f i e r s  

f o r  Rocketdyne flowmetera 

2 .  Beckman Offner Type R Dynalog, 0 t o  200 hz response ,  8 channel 

7 
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3. Tektronix Type 545 oscilloscope, 0.01 microsecond rise time 

4. Ampex Model 5-3459 Tape Recorder, 7 channel, 0 to 10 Khz response 

5. MKS Instruments, Type 77 Baratron Pressure Meter (Baratron refer- 
enced to a Stokes McLeod Gage, Flosdorf type range 0 to 500 microns) 

Foxboro Cell Type Dynalog Recorder, Model 9420 TV 6.  

7. Foxboro EMF Type Dynalog Recorder Model 9330A 

8. Bailey Meter, Model MOO, Circular Chart Type Recorder 

Data Playback Instrumentation 

The magnetic tape records of the Kistler pressure transducer, a 1000-hz 
timing pulse, and the Rocketdyne high response flowmeters which were 

simultaneously made on the Ampex Model 5-3459 recorder/reproducer at 
60 ips were replayed at 7-1/2 ips on an Ampex FR100-7 recorder/reproducer. 
The output from the FRlOO-7 was recorded by a 7-inch, CEC, 18-channel 
oscillograph. The paper speed on the latter was 27 inches per second. 

The system playback response was limited by the oscillograph galvanometers 

which were rated at 5 Khz. 

original speed, the overall limiting response in the tape recording/ 

reproducing system was the real time 0 to 10 Khz response of the Model 

5-3459 recorder. 

Since the data were played back at 1/8 of the 

MPEET.MENTAL FACILITIES 

The experimental firings were conducted at the Flame Laboratory test stand 

located at the Rocketdyne Santa Susana Field Laboratory. 

the test stand are presented in Fig. 6 and 7 .  
Photographs of 

8 
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Propellant Flow Systems 

Schematic diagrams of the N204/MMH and H 0 /MMH flow systems are shown in 
Fig. 8 and 9. The N 0 /MMH flow system was identical to that used in 
the effort reported in Volume I of this report. 
pressurant gas for both 250-cu in. propellant tanks. Gaseous nitrogen 

purge systems and liquid flush systems were used to clear the propeilant 

lines, main valves, and injector manifolds at the close of the firing day. 

Isopropyl alcohol and Freon TF were used as the liquid flush for the fuel 
and oxidizer systems, respectively. A propellant recirculation system 

was included, except with the H 0 system, to recirculate the propellants 

from the lines upstream of the main valve to the propellant tanks. This 
eliminated gas pockets in the lines and aided in temperature conditioning 

of the propellants. 

2 2  

2 4  
Helium was used as the 

2 2  

The oxidizer system was modified to accomodate the H202/MMH testing effort 

(Fig. 9 ). 
a new fill system, removal of the Rocketdyne flowmeter, and cleaning and 

passivating the valves and propellant lines. 

This involved the substitution of passivated propellant tankage, 

Temperature Conditioning System 

A schematic of the temperature conditioning system is shown in Fig. 10. 

The system was that used in the original program effort (Volume I of this 
report). 

ments, water was used as the conditioning fluid. Separate conditioning 

tanks and hardware recirculation systems were used for the thrust chamber, 

the fuel and oxidizer propellant lines, the fuel tank, and the oxidizer 

tank. 

were used in conjunction with a thermastatically controlled 500 watt 

heating element for temperature control. 

Because the conditioning temperature was 100 F for these experi- 

Variac controlled, higher power (4 and 2 kilowatt) heating elements 

9 



Tcst concti t i o n s  inr ludcd  f i r i n g  a t  ;I simulntcd a l t i t u d e  of 150,000 f e e t .  

11 t i t utlib sitiiulat iou w a y  accomplished by f i r i n g  t lie t h r u s t  chaml)cr i n t o  a 

:?l-cuhic-fooi vncuuili t i i l l l i  d i i c l i  was evacuated ljy n l a r g e  c a p a c i t y  vacuum 

pump (liinne) Model No.  IiC 4 6 ) .  
corq)at i h l e  T s i t l i  t l ie pi-opel lant  exhaust  protlucts Titis einployed. 

L’iIcuuni pump o i  1 (tric1.es!:lpliospliate) 

l’r e r 11 n C ti e c I< o u t  

. .  1 tie prerun ctieclcout procec1ur.e was t o  1-eady the  stnntl f o r  t e s t i n g .  T l i i s  

i I I C  I uct ed I M  rdware a s seinlj 1). , f 1 ow sys t  em clieclcs , i list iwnieiit a t  i on  checks , 
; i r i i l  coiitlitioiiing system a c t i v i l t i o ~ ~  arid ad,justmciil.  

I ,  1 lie Iiartlimre was assenibled and a t t a c h e d  t o  tlie v;icuum chamber aiitl t h e  

m i i i n  valves .  T l i i s  i nc l  uiletl t h e  i n j e c t o r ,  s p l a s h  p l a t e ,  and chamber sec- 

t i o n s .  Following tliis, a complete f l o w  system check was made, i n c l u d i n g  

;I  sjrstemntic clieclc o f  t h e  v a l v e s .  The p r o p e l l a n t  run t a n k  l e v e l  was 

clrecltecl and p r o p e l l a n t  w a s  added ;IS r equ i r ed .  The c o n d i t i o n i n g  system 

was actui i ted,  t h e  condi t io i i ing  b a t h s  were f i l l e d  w i t h  water, and a d j u s t -  

meiits t o  ttie system were made t o  mnintaiii ttie cond i t ioned  t empera tu res  

w i  t l i i r i  the  d e s i r e d  ranges.  

19 
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Ins t rumen ta t ion  checks were made on a l l  p r e s s u r e  and flowmeter t r ansduce r s .  

The K i s t l e r  t r a n s d u c e r s  were c a l i b r a t e d  wi th  a vacuum tube  vo l tme te r  each 

day, and were c a l i b r a t e d  on t ape  p e r i o d i c a l l y .  Other p re s su re  t r a n s d u c e r s  

were I1zeroedtt and an  e l e c t r i c a l  c a l i b r a t e  throw (80 pe rcen t  of range s i g n a l )  

w a s  obtained.  

month.) 

were checked f o r  o p e r a t i o n  when the  p r o p e l l a n t s  were r e c i r c u l a t e d  j u s t  

p r i o r  t o  t h e  countdown. The t a p e  channels ,  o s c i l l o g r a p h  channels  and g a l -  

vanometers ,  and t h e  d i r e c t - i n k i n g  o s c i l l o g r a p h  channels  were checked f o r  

c o r r e c t  ope ra t ion .  The osc i l l o scope  used t o  d i s p l a y  t h e  l ead ing  va lve  

t r a c e  and a K i s t l e r  t r a c e  was a l s o  checked f o r  c o r r e c t  opera t ion .  

(The p res su re  t r ansduce r s  were normally c a l i b r a t e d  once a 

The thermocouples were checked f o r  c o n t i n u i t y ,  and t h e  flowmeters 

T e s t i n g  Procedure 

Immediately p r i o r  t o  each t e s t ,  the vacuum chamber was evacuated,  and 

f i n a l  ad jus tments  were made t o  the  p r o p e l l a n t  and chamber cond i t ion ing  

systems. 

lead-lag c o n t r o l  a d j u s t e d  t o  g i v e  t h e  proper  va lue .  

The main v a l v e s  a c t u a t i o n  c i r c u i t s  were connected and t h e  v a l v e  

The s t e p s  taken  immediately p r i o r  t o  a f i r i n g  were as  fo l lows :  

1. The p r o p e l l a n t  prevalves  were opened. 

2. The p r o p e l l a n t  tanks  were p re s su r i zed .  

3 .  The p r o p e l l a n t  l i n e  and i n j e c t i o n  and chamber tempera tures  were 

read  from a Leeds and Northrup m i l l i v o l t  po ten t iometer .  

4. The t e a t  p i t  f i r e  ex t ingu i sh ing  system and sequencer were armed. 

5. The a l t i t u d e  chamber vacuum c o n d i t i o n s  were read.  

6 .  The o s c i l l o s c o p e  camera s h u t t e r  was opened. 

11 
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A f o u r  s t e p  countdown and f i r i n g  sequence was made a s  fo l lows:  

One - The t a p e  r e c o r d e r  was turned  on 

Two - (count  only)  

Three - (count  only)  

F i r e  - The Eagle sequencer was a c t u a t e d .  

Also ,  a t  t h e  command of " F i r e " ,  t h e  o s c i l l o g r a p h s  and c i r c u l a r  record ing  

c h a r t s  were s t a r t e d .  Approximately 2 seconds l a t e r  t h e  main v a l v e s  were 

opened. 

between 10 and 20 m i l l i s e c o n d s  f o r  t h e  m a j o r i t y  of t h e  runs.  However, 

a t  l e a s t  one t e s t  each day was run  f o r  a longer  d u r a t i o n  (> 300 m i l l i -  

seconds) t o  o b t a i n  performance d a t a  and t o  main ta in  a check on t h e  

s y s  tern. 

The Eagle  sequencer was used t o  c o n t r o l  t h e  t e s t  d u r a t i o n  t o  

The vacuum pump remained on throughout  t h e  s h o r t - d u r a t i o n  f i r i n g s .  When 

t h e  vacuum tank a l t i t u d e  reached an a c c e p t a b l e  l e v e l  and t h e  oscilloscope 

camera had been r e l o a d e d ,  t h e  next  t e s t  was made by s t a r t i n g  t h e  f o u r -  

s t e p  countdown. 

(depending on t h e  p r o p e l l a n t  lead-lag c o n d i t i o n s )  i n d  i t  was necessary  

t o  rep lace  t h e  o i l  i f  t h e  r e q u i r e d  vacuum was t o  be obta ined  i n  a r e a -  

sonable  length  of time. 

The vacuum pump o i l  was coritaminated a f t e r  5 t o  10 t e s t s  

Pre l iminary  s p i k i n g  d a t a  were obta ined  by s imul taneous ly  monitor ing t h e  

l e a d i n g  valve and a K i s t l e r  t r a n s d u c e r  on t h e  o s c i l l o s c o p e .  

w e r e  recorded by a Polaro id  camera. The camera l e n s  was s e t  on a t ime 

exposure and both  t r a c e s  were t r i g g e r e d  t o  sweep a c r o s s  t h e  o s c i l l o s c o p e  

by t h e  e l e c t r i c a l  s i g n a l  t o  t h e  l e a d i n g  f a s t - a c t i n g  v a l v e .  Spik ing  d a t a  

and i g n i t i o n  d e l a y  t i nes  were obta ined  from t h e  s imul taneous  record ings  

of b o t h  valve s i g n a t u r e s  (induced v o l t a g e s )  and Ki s t l e r  t r a n s d u c e r  t r a c e s  

on a high-response t a p e  r e c o r d e r .  

Botli t r a c e s  

12 
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Po s t t e s t Procedure 

The vacuum tank  was brought  t o  ambient p r e s s u r e  and purged. 

was t h e n  separa ted  a t  t h e  i n j e c t o r  sp lash  p l a t e  i n t e r f a c e  s o  t h e  s p l a s h  

p l a t e  could be removed and inspec ted .  The N 0 and MMH p r o p e l l a n t  v a l v e s  

were purged and f lu shed  be fo re  secur ing  t h e  s t and  f o r  t h e  day. The H202 

system w a s  no t  purged, and t h e  valves were n o t  f l u shed  when secu r ing  t h e  

s t and .  Th i s  was  t o  minimize t h e  p o s s i b i l i t y  of i n t roduc ing  contaminents  

t o  t h e  system. 

The hardware 

2 4  

DATA REDUCTION PROCEDURES 

The d a t a  r e d u c t i o n  e f f o r t  was d i r ec t ed  t o  bo th  t h e  sp ik ing  r e s u l t s  and 

i n j e c t o r  performance. 

( f u l l - s h i f  t i n g  expansion)  e f f i c i e n c y  by r a t i o i n g  a c a l c u l a t e d  c* t o  t h e  

t h e o r e t i c a l  va lue .  The experimental  c* v a l u e s  were c a l c u l a t e d  a s :  

The i n j e c t o r  performance was c a l c u l a t e d  a s  c* 

PcAtg 

;t 
c* = - 

This  d a t a  was a v a i l a b l e  f o r  only the few long-dura t ion  t e s t s .  No co r rec -  

t i o n s  f o r  h e a t  l o s s ,  f r i c t i o n ,  o r  t h r o a t  d i scha rge  c o e f f i c i e n t  were app l i ed .  

The high-response p re s su re  sp ik ing  and i g n i t i o n  de lay  d a t a  w a s  ob ta ined  

f r o m  the K i s t l e r  t ransducer  output  recorded  on the  FM t a p e  r e c o r d e r ,  

speed reduced,  and reproduced on a galvanometer o sc i l l og raph .  
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PROPELLANT COMPOSITIONS 

Chemical analyses were performed on the propellants used for testing. 

These analyses are presented below: 

A .  N,O,, (green N T O )  (Density of 1.459 gm/ml at 60 F )  

N204, percent 99.2 

NO , percent 0.65 

NOCl, percnet 0.004 

H20, percent 0.08 
Conforms to MSC PPD-2A for components analyzed 

B .  H202 (98 percent H202) 

H202, percent 97.4 
Conforms to Mil P16005D for component analyzed 

C.Monomethylhydrazine (MMH) (Density of 0.870 p / m 1  at 77 F )  

N,H3CH3, percent 99.6 

percent NH7 
Soluble 
Impurities, percent 

0.2 

0.1 

0.1 

trace cH3NH2 

Conforms to Mil P-27404 f o r  components analyzed 

14 
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RESULTS AND DISCUSSION 

The objectives of this phase of the program were to compare the noncatalytic 

ignition and c* performance characteristics o f  the N 0 /MI and €I O /mi 

propellant combinations. 
2 4  2 2  

This comparison was made over a range of relative 

valve timings a d  at A common propellant and chamber temperature of 100 E'. 

N204/MMH ElmWAT ION 

Data were obtained for 114 N204/MMH firings. 

sufficient duration (300 milliseconds or greater) to obtain steady-state 

c* data. The rest were characterized by chamber pressure Iiiilse widths o f  

about 5 t o  10 milliseconds. A summary o f  all data obtained is presented 

in Table 2. 

Of these, 7 firings were o f  

Determination o f  Oxidizer Lead 

A s  discussed in the Apparatus section o f  this report, the motion of each 
main valve w a s  monitored by sensing the voltage induced in a secondary 

coil wrapped around the primary solenoid coil. From such data, the time 

between oxidizer valve full-open position and fuel valve full-open position 
was accurately determined. In Table 2 ,  this was recorded as "mechanical 

Oxidizer Lead, milliseconds". 

period between the oxidizer valve reac1iir.g a full-open position arid the 

fuel valve reaching a full-open position. 

The values ( +  and -) refer to the time 

From the simultaneously recorded valve motion and high-response Kistler 

pressure transducer data, the time between the fuel valve full-open posi- 

tion and first indication of chamber pressure was ascertained. This is 

shown in Table 2 as "Time from Fuel Valve Full Open Position to I' 

mi 11 is ec onds ' I .  

C' 



A p l o t  of t h e  time from f u e l  valve full-open p o s i t i o n  t o  chamber p r e s s u r e  

r i s e  vs t l ie mechanical f u e l  v a l v e  l ead  i s  shown i n  Fig.  11. From t h e  

p o i n t  where t h e  two l i n e s  i n t e r s e c t ,  t h e  mechanical f u e l  v a l v e  l e a d  t ime ,  

which corresponds w i t h  s imultaneous arrival o i  p r o p e l l a n t s  a t  t h e  i n j e c t o r  

f a c e ,  was determined t o  be -6.5 m i l l i s e c o n d s .  From t h i s  v a l u e ,  and t h e  

prev ious ly  d iscussed  Mechanical Oxidizer  Lead, t h e  o x i d i z e r  l e a d  a t  t h e  

i n j e c t o r  f a c e  was determined. These a r e  shown i n  Table  2 as "Calcula ted  

Ox i d i z e r Lead , iui  1 1 i s e c ond s I' . 

Effec t  of Valve Timing 

The e f f e c t  of v a l v e  t iming  on t h e  average of t h e  maximum i g n t i o n  t o  s teady-  

s t a t e  pressure  r a t i o s  was evnliinted by averaging  t h e  p r e s s u r e  r a t i o s  i n  t h e  

o x i d i z e r  lend ranges shorn i n  Table  3 .  A p l o t  of t h e  average s p i k e  r a t i o  

VP o x i d i z e r  l ead  at t h e  i n j e c t o r  i s  p r e s e n t e d  i n  Fig.  1 2 .  As shown i n  

Fig.  12  , n maximum occurred i n  t h e  v i c i n i t y  of a 5 m i l l i s e c o n d s  o x i d i z e r  

l e a d .  

chamber temperature  combinations (Volume I ) .  

T h i s  i i as  a l s o  ev ident  f o r  o t h e r  N 0 /MMII p r o p e l l a n t  temperature/  
2 4 

E f f e c t  of  I g n i t i o n  Delay 

The average of  t h e  sums of tlie f u e l  ruanifold f i l l  t imes  and i g n i t i o n  d e l a y s  

ISAS 1 1 . 7  m i l l i s e c o n d s  (F ig .  1 1 ) .  The average  of t l ie siiins of  t h e  o x i d i z e r  

u a n i f o l d  f i l l  t imes and i g n i t i o n  d e l a y s  was t h e r e f o r e  13.5 + 6.5,  or 20.0 

mi l l i seconds .  From t h e  e x i s t i n g  d a t a ,  however, i t  i s  n o t  p o s s i b l e  t o  sepa- 

r a t e  t h c  i g n i t i o n  delny frorn t h e  average  sums. 
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the six oxidizer lead intervals shown in Table 3 , the ratio of the max- 
imum to steady-state pressures are plotted vs the sums of the manifold fill 

times and ignition delays (Fig. No relationship between spiking pres- 

sure ratio and variation in ignition delay is suggested. If one existed, it 
would be expected that increasing spiking ratios would have occurred for in- 

creases in ignition delay. 

I 
13). 

Distribution of Data 

For each of the oxidizer lead ranges given in Table 3 , the distributions 
of maximum to steady-state pressure ratios were evaluated. For the inter- 
vals of +24.4 to +25.3 milliseconds, +9.9 to +16.0 milliseconds, -0.1 to 

+2.4 milliseconds, and -7.8 to -11.2 milliseconds, the distributions ex- 
hibited normal characteristics. These are shown in the approximately 

linear relationships of the plots in Fig. 14. The interval of -33.8 to 
-37.2 milliseconds contained only three data points, too few for such an 
analysis. 

The interval of +3.2 to +5.7 milliseconds did not exhibit normal distribu- 
tion characteristics (Fig. 15 ).  A s  shown in Fig. 12 , large changes in 
P /P 
+5.7 interval. 
for that interval were different from those of the other intervals in which 

only very moderate changes in spiking ratio occurred. 

occurred for very small changes in oxidizer lead during the +3.2 to s c  
It is therefore expected khat the distribution characteristics 

Combustion Performance - c* Efficiency 

The combustion performance of the N 0 /MMa propellant combination was de- 2 4  
*ermined for gross comparison with the H202/MMH combination. The deter- 

mination of performance was not a primary goal in the effort, and the 
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experimental  appara tus  used r e s u l t e d  i n  s e v e r a l  compromises t o  an a c c u r a t e  

determinat ion of performance. However, g r o s s  d i f f e r e n c e s  between t h e  pro- 

p e l l a n t s  could have been d e t e c t e d .  Unfor tuna te ly ,  t h e  u n s t a b l e  n a t u r e  of 

t h e  H 0 /MMH f i r i n g  precluded any performance c a l c u l a t i o n s .  2 2  

The c h a r a c t e r i s t i c  v e l o c i t y  c a l c u l a t i o n s  were accomplished u s i n g  chamber 

pressure  a s  measured a t  t h e  i n j e c t o r  f a c e ,  weight f l o w r a t e s ,  and t h e  average  

of t h e  prerun and p o s t r u n  t h r o a t  a r e a s .  

n o t  cor rec ted  t o  t h e  t o t a l  p r e s s u r e  a t  t h e  t h r o a t  (as p e r  t h e  d e f i n i t i o n  

of c*) because of  t h e  unknown p r e s s u r e  l o s s  c h a r a c t e r i s t i c s  a c r o s s  t h e  

s p l a s h  p l a t e .  Also,  no c o r r e c t i o n s  were made f o r  h e a t  l o s s ,  f r i c t i o n ,  

t h r o a t  a r e a  d i s c h a r g e  c o e f f i c i e n t ,  o r  a r e a  change r e s u l t i n g  from t r a n s i e n t  

h e a t i n g .  

The chamber p r e s s u r e  va lue  was 

Seven f i r i n g s  were of s u f f i c i e n t  d u r a t i o n  t o  e s t a b l i s h  s t e a d y  f low and 

p r e s s u r e  c o n d i t i o n s .  The r e s u l t s  of t h e s e  t e s t s  are summarized i n  Table  4 

An average c* e f f i c i e n c y  of 94.1 p e r c e n t  of t h e  t h e o r e t i c a l  s h i f t i n g  v a l u e  

was measured. The measured c* e f f i c i e n c i e s  range of  92.8 t o  95.7 p e r c e n t  

was obtained f o r  mixture  r a t i o s  of  from 1.91 t o  2.13. The C *  e f f i c i e n c i e s  

showed no s i g n i f i c a n t  b i a s  w i t h  mixture  r a t i o ;  t h e  range of - * 1.5 p e r c e n t  

w a s  r e p r e s e n t a t i v e  of t h e  p r e c i s i o n  of t h e  i n s t r u m e n t a t i o n  used.  

H202/MMH EVAWATION 

Two H 0 /MMH t e s t  f i r i n g s  were made. The r e s u l t s  a r e  p r e s e n t e d  i n  Table  5 2 2  

The f i r s t  t e s t  w a s  c h a r a c t e r i z e d  by two p r e s s u r e  s p i k e s  approximately 13 
mi l l i seconds  a p a r t .  The f i r s t  s p i k e  w a s  i n  excess  of 3200 p s i ;  t h e  second 

was i n  exce88 of  2300 p s i .  

lower l eve l  s p i k e s  (approximately 400 p s i )  which had an average p e r i o d  of 

1.2 mi l l i seconds  and p e r s i s t e d  d u r i n g  t h e  e n t i r e  t e s t .  The t e s t  r e s u l t e d  

Subsequent combustion w a s  c h a r a c t e r i z e d  by 

18 
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i n  s eve re  outward (upstream from t h e  combustion chamber) bowing of t h e  

i n j e c t o r  and inward bowing of t h e  s p l a s h  p l a t e .  

t h e  unsea t ing  of t h e  s e a l i n g  O-ring and subsequent gas  leakage between 

i n j e c t o r  and s p l a s h  p l a t e .  

The bowing r e s u l t e d  i n  

The second t e s t  w a s  conducted wi th  a new s p l a s h  p l a t e  and i n j e c t o r .  

t e s t  was c h a r a c t e r i z e d  by one p res su re  sp ike  i n  excess  o f  3400 p s i .  

l e v e l  s p i k e s  of approximately t h e  same amplitude and d u r a t i o n  as i n  t h e  

f i r s t . t e s t  occurred.  

bowed as be fo re  and t h e  O-ring w a s  unseated.  

This  

Low- 

A d d i t i o n a l l y  t h e  i n j e c t o r  and s p l a s h  p l a t e  were 

Ox id ize r  Leads 

Based on t h e  r e s u l t s  of t h e  N204/MMH t e s t s ,  t h e  d i f f e r e n c e s  between t h e  

o x i d i z e r  and f u e l  manifold f i l l  times f o r  t h e  f i r s t  and second H202/MMH 

t e s t s  were est imated t o  be  +6.8 and +6.2 mi l l i s econds ,  r e s p e c t i v e l y .  

measured mechanical o x i d i z e r  l eads  (times between o x i d i z e r  va lve  f u l l -  

open p o s i t i o n  and f u e l  va lve  ful l -open p o s i t i o n )  were +34.8 and +5.2 m i l l i -  

seconds f o r  t h e  two  t e s t s .  Sub t r ac t ing  t h e  f i l l  t ime d i f f e r e n c e s  from 

the  mechanical l e a d s  r e s u l t e d  i n  t r u e  ox id ize r  l e a d s  of i 28 .0  and -1.0 

m i l l i s e c o n d s  f o r  i n t r o d u c t i o n  of p rope l l an t  t o  t h e  chamber. 

The 

I g n i t i o n  Delay 

For  t h e  f i r s t  H 0 /MMH run,  a +34.8-millisecond mechanical o x i d i z e r  lead  

which corresponded t o  a +28.0-millisecond o x i d i z e r  l ead  t o  t h e  chamber 

was  employed (Table  5). Since  t h e r e  was an  o x i d i z e r  l ead  a t  t h e  chamber, 

t h e  22.9 mi l l i s econds  found f o r  t h e  time between f u e l  va lve  f u l l  open and 

chamber p re s su re  r ise corresponded t o  t h e  sum of t h e  f u e l  manifold f i l l  

2 2  
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t ime and i g n i t i o n  d e l a y .  

l a n t  systems had t h e  same i g n i t i o n  d e l a y ,  t h e  t i m e  between f u e l  v a l v e  

f u l l  open and chamber p r e s s u r e  r i s e  f o r  t h e  € I , , 0 2 / W  t e s t  would have 

been approximately 12.9 m i l l i s e c o n d s .  Thus, t h e  d i f f e r e n c e  between 22.9 

and 12.9 m i l l i s e c o n d s  o r  10.0 m i l l i s e c o n d s ,  approximately r e p r e s e n t s  t h e  

i n c r e a s e  i n  i g n i t i o n  d e l a y  f o r  t h e  H 0 /MMH run over  t h e  N204/MMII d a t a .  

Based on t h e  N204/MMII d a t a ,  i f  t h e  two propel-  

&. 

2 2  

For t h e  second H202/MMH run,  a +5.2 mi l l i second mechanical o x i d i z e r  l ead  

wliich corresponded t o  a -1 . O  mi l l i second o x i d i z e r  p r o p e l l a n t  l ead  t o  t h e  

chamber w a s  employed. I t  was found t h a t  t h e r e  was a 21.8 + 5 . 2  mil l i second 

(27.0 mi l l i second)  i n t e r v a l  between ful l -open p o s i t i o n  on t h e  o x i d i z e r  

va lve  and chamber p r e s s u r e  r i s e .  S ince  t h e r e  was a f u e l  l ead  t o  t h e  

chamber, t h e  l a t t e r  number corresponds t o  t h e  sum of t h e  o x i d i z e r  mar.i- 

f o l d  f i l l  t i m e  ancl i g n i t i o n  d e l a y .  

i f  t h e  two systems hail t h e  same i g n i t i o n  d e l a y ,  t h e  time between o x i d i z e r  

v a l v e  f u l l  open p o s i t i o n  and chamber p r e s s u r e  r i s e  € o r  t h e  H 2 O 2 / W  t e s t  

would have been approximately 19.4 m i l l i s e c o n d s .  The d i f f e r e n c e  between 

Again, based on tlie N ~ O ~ / M M I I  d a t a ,  

27.0 and 19.4 m i l l i s e c o n d s  (7.6 m i l l i s e c o n d s )  

t h e  i n c r e a s e  i n  i g n i t i o n  d e l a y  f o r  t h e  second 

age f o r  t h e  N ~ O ~ / M M H  system. 

approximately r e p r e s e n t s  

I1 0 /MMH run over  t h e  aver-  2 2  
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CONCLUDING FfEMAIW 

Under the experimental conditions of the present study, the ignition 
characteristics of the N204/MMH propellant combination were found to be 

far superior to those of  the 98 wt. $ H202/MMH propellant combination. 
The average ignition spike value for the 114 N 0 /MMH firings was 325 
psi. 
in the range of  3000 psi were found. The latter were of sufficient 

2 4  
For the two firings with the H 0 /MMR propellants, pressure spikes 2 2  

magnitude to substantially damage the injectors employed. 

At the nominal mixture ratio of 2.0, an uncorrected efficiency of 94.1 
+lS6 percent was found for the N204/MMH propellant combination. Because 
of the injector damage and resulting gas leakage between the injector and 

combustion chamber, as well as an unstable combustion condition, the c* 

efficiency was not measurable with the H2O2/MMH propellant combination. 

-1.3 

The N 0 /MMH data were analyzed for the effect of valve timing on spiking 

magnitude. A maximum in spiking values was found for an approximately 5 
milliseconds oxidizer lead (at the injector face). 
no correlation between spiking magnitudes and the estimated variations in 

ignition delay was found. 

of 20.9 millisecond. No absolute measurements of ignition delay were 
made. The average sums of the manifold fill time and ignition delay were 

13.5 and 20.0 milliseconds for fuel and oxidizer, respectively. Ignition 

delays for the H 0 /MMH system were estimated to be 8 to 10 milliseconds 
greater than for the N204/MMA system. 

2 4  

For the N204/MMH data, 

The variations were estimated to be a maximum 

2 2  
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TABm 1 

TABULATION OF MEASURED PARAMETERS AND INSTRUMENTATION 

Me asur ement 
Flow 

F1 ow 

F1 ow 

Flow 

Temperature 

Temperature 

Temperature 

Temperature 

Temp era tur e 
Pres sure 

Pressure 

Pres sure 
Pres sure 

Pres sure 

Pressure 

Pres sure 

Pressure 

Pressure 
Valve Signature 

Valve Signature 

Valve Signal 

Valve Signal 

Notes: osc - 
T - 
m -  
Scope - 
OF - 

Steady-State 
or 

Transient 

Steady-State 

Transient 

St e ady-State 

Transient 

Steady-State 

Steady-State 

Ste ady-S t a te 

St e ady-S t at e 

Steady-State 

S t e adyS t at e 

Steady-State 

Steady-State 

Steady-State 

Steady-State 

Transient 

Transient 

Transient 

St e ady-St a t e 

Transient 

Transient 

Transient 

Transient 

Oscillograph 
F-M Tape 0-20KC 
Dynalog Charts 
Oscilloscope 
Beckman Offner 

Location 

Fuel Line 

Fuel Line 

Ox id ant Line 
Oxidant Line 

Fuel Line 

Ox i dant Line 
Fuel Storage 

Oxidant Storage 

Chamber Wall 

Ox id ant Tank 
Fuel Tank 

Oxidant Line 

Fuel Line 

Injector 
Nozzle 

Nozzle 

Chamber 

Vacuum Tank 
Fuel Line 

Oxidizer Line 

Fuel Line 

Oxidizer Line 

Instrument 

Turbine Meter 

Vane Meter 

Turbine Meter 
V m e  Meter 

Thermocouple 

Thermo c oup 1 e 

Thermocouple 

Thermocouple 

Thermocouple 

Statham 

Statham 

Statham 

Statham 

Statham 

Ki stler 
Kistler 

Kistler 

Baratr on 

Re c or der 

os c 

T and Osc 
os c 

T and Osc 
Dyn and OF 

Dyn and OF 

Dyn 

Dyn 

4m 
Dyn 

Dyn 

OF and Osc 

OF and Osc 

OF and Osc 
T 
T 
T and Scope 
Dyn and OF 
Osc, Scope 

Osc, Scope 

os c 
osc 
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301 0 352 144 

323 0 347 145 

340 0.347 143 
~ 362 0.351 147 

TABLE 4 

I I I 

SU‘MMABY OF CHABACTE8ISTIC WLOCITY PEWOBMANCE 

FOB THE N204/MME PBOPELIANT COMBINATION 

Test 
No. 

Total Flowrate, Chamber Pressure, 
lb/sec ps ia 

~ Mixture Ratio, 
o h  

I 
1.91 
1.93 
1.92 
2.03 
1.92 

1.99 
2.13 

I 

150 
145 
146 

4 

c* Efficiency, 
percent 

94.4 

93.0 
95.7 
92.8 
94.2 

93.5 
95.4 

252 

263 
281 

0.358 
0.352 
0.344 

I I 
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urW3 1 - 1 1/17/6 6-S 1B 

~31-11/17/66-SiA 

Figure 2. Liquid-Cooled Combustion Chamber and Nozzle Assembly 
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KISTLER I-P 
I I TURBINE FUWMETER I I 

HIGH RESPONSE 
H.R. FIDWMETER ( h K l S T L E R  

c J /-- KISTLER 

ALTITUDE 1 
CHAMBER 

Figure 8. Schematic Representation of the bopellant Feed 
SyBteme and TeBt Engine Uaed for Ng04/Eydrazine- 
Type h e 1  Testa 
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H = HEATER 

P = PUMP 
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4 
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ROCKET ENGINE 
AND BATH 

Ficure 10. Schematic Representat ion of the 'I'emperature Conditioning 
System Used f o r  t h e  Hydrogen Peroxide/WA T e s t s  
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Qange of Oxidizer Lead Times, N i l l i s econds  
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Rat io  of 

P r o p e l l a n t s :  N 0 /MMH 
Mixture ILatio ($eight N 0 h e i g h t  MMH): 2.0 
Temperature: 100 F - A l t i t u d e :  150,000 f e e t  
S t e a d y a t a t e  Chamber P res su re :  150 p s i a  

Maximum t o  S t e a d y - S t a t e  Chamber P r e s s u r e  

Figure 14. Cumulative D i s t r i b u t i o n s  of Spiking R a t i o s  f o r  Various 
Oxidizer  Lead Time I n t e r v a l s  ( P r o b a b i l i t y  Scale) 
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M 
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Ratio o f  Maximum t o  S t e a d y a t a t e  Chamber Pressure 

Propel lants:  N 0 /MMH 
Nixture Ratio ($ekght M 0 /weight 14NH): 
Temperature: 100 F -- h k i t u d e :  150,000 feet 
Steady-State Chamber Pressure: 150 p s i a  
Figure 15. 

2.0 

Cumillative Distribution of Spiking b t i o s  f o r  Cbddizer 
Le:, Time8 I f  +3.2 t o  +5.7 Mill iseconds (Probabi l i ty  Sca le )  
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mrrklngr hrvo boon u r d  for Group 3 r d  Oroup 4 am r u t h a =  
bod.  
3, R m O R T  TITLE: Entor tho comploto toport t l t h  In dI 
crpl t r l  l o t t r r .  Tltlom In all crror rhould bo unc1rrrlfl.d. 
Xf r mornlngful tltlo cannot bo roloctod wlthout clrrrIfIC* 
tlon, ohow tltlo clrrrlf lcrt lon In all c rp l t r l r  In p w n t h o r l a  
Immodlrtoly followlng tho tltlo. 
4. DLIICRXPTIVE NOTE& I f  gproprll to,  ontor tho typo of 
roport, o.g., Intorlm, proporr ,  rummrry, rnnud,  or flnrl, 
Olvo tho lnclurlvo drtor whm r rpoclflc roportlng porlod 11 
c0vr .d .  
1. AUTHOR(O)r Entor tho nand@)  of ruthor(r) om ohown on 
or In tho roport. Entm tort  nrmo, flrrt nrmo, mlddlo lnltlrl. 
If mllltrry, show rank rnd branch of r u v l c ~  Tho nrmo o l  
tho prlnclprl ruthor ir an rbroluto mlnlmum roqulromonL 
6. REPORT DATE E n t r  tho drto of tho roport o r  dry, 
month, yorr; or month, yorn I f  mor. than ono drto q p o r r r  
on tho roport, uro d r to  of pubtlcrt lor 
7.. 'IDTAL NUMBER OF PAOILII Tho total prgo count 
rhould follow noorl prglnrtlon proorduror, L b I  ontor the 
numbr of p1g.D contrhlng lnformrtlon 
7b.  NUMbER OF REFERENCE& E n t r  tho total numbr of 
ro f roncor  cltod h tho report. 

0.. CONTRACT OR ORANT NUYBER: If gproprlr t r ,  o n t u  
tho rppllcrblo numbor of tho contrrot or q r n t  u n d r  whlch 
tho roport won wrltton 
Ob, IC, L Od. PROJECT NUYBERi Entor tho rpproprlrto 
mllltrry doputmont Idontlflcrtlon, much rv proJoct numbu, 
rubpro]oct numbor, ryrtom numbmi, t r r k  numbor, @to. 
Or. 0RI01NA'IDR1@ RIPORT wVYBU(O)i E n t r  tho ofll- 
olrl roport numbor by whlch tho documont wlll bo Idontlfld 
and controllod by tho or lglnr t ly  wtlvlty. TNr n u m b r  mumt 
bo  unlquo to thlr  report, 
Ob. OTHER REPORT NUMBER(@): If tho roport hrr boon 
rrrlgnod any o t h r  roport numbrm (olfhor b y  rho orl/ln.tor 
or b y  !hr oponoor), r l r o  ontor t N r  numbor(.). 
10. AVAXLAlLlTY/LIMITATXON WOTICLL Entor any l b  
l trt lonr on fwthor dlrromlnrtlon or tho NpOrt, othor than thooc 

~ 

LINK C 
n 0 ~ 8  

Imporod by rocurlty clrrrlf lcrt lon,  u r l q  rtrndrrd rtrtomontr 
much rr: 

(1) "Qurllflod r o q w r t n r  may obtrln coplor of thlr 
roport from DDC" 

(1) "Forolgn r ~ o u n c o m o n t  and dlrremlnrtlon of t N r  
roport by DDC 11 not ruthorlro6" 

(3) "U. 5. Oovornmont rgonclor mr obtrln coplor o f  
thlr  w o r t  dlroctly from DDC. d t h r  qur11f1od DDC 
urorr  r h d l  roquort through 

"U. 1. mllltrry rgonclor m r y  obtrln coplor of thlr  
roport dlroctly from DDC 0th- qurlIflod U D W #  
rhr l l  roquort through 

I 1  

(4) 

I 1  

(S) "All dlrblbutlon of thl r  roport 11 controllob Gal- 
lflod DDC u r r r  rhr l l  roqu'ort through 

I1 

If tho roport h r r  boon fllm!rhod to tho Offlco of Tochnlcrl 
I r v l c o r ,  Doputmont of Commnco, lor r r l o  to tho publlc, Indb 
cat, tNm fact and o n t u  tho prlco, I f  known 
IL IUPbLIWLNTARY NOTE& Uro for rddltlond orplm* 
tory notoh 
11. WONlORXNO YILXTARY ACTXVXTY Entor tho norno of 
tho doprrtmontrl pro]oct ofllco or lrborrtory mponrorlng f p w  
la lor) tho rororrch and d o v d o p m a t  Includo rddrorr. 
13. AMTRACT: Entor an r b r t n c t  glvlng r bdof and frctur l  
rummry of tho documont lndlcrtlvo of tho roport, ovon though 
It may r h o  rpporr olrowhon h tho body of tho tochnlcrl ro- 
port. If rddlt lonrl  rp rco  Ir n q u l n d ,  r contlnurtlon rhoot r h r  
bo rt trchod. 

It 11 hl  hly do r lnb lo  that tho rb r t r r c t  of clrrr l f lod nport 
bo unclrrr1kod. Each plngrrph of tho rbrtrrcc rhr l l  ond wltl 
on lndlcrtlon of tho ml l l t ry  rocurlty c l r r r l f lcr t lon of tho In- 
formrtlon In tho pan(nph. n p n r r n t o d  o r  I t S J .  (SA fC), or  fU 

Thoro la no l la l t r t lon on tho longth of tho rbr t r rc t .  How 
ovor, tho ruggootod lon#th I. from 110 to 11s wordr. 

14. KEY WORDO: Koy wordr o n  tochnlcrlly mornlngbl tom' 
or rhort p h n r o r  thot c h r r r c t o r l o  r roport and may bo urod rr 
lndoa mM0r for crtrloglng tho roport. Koy wordr murt k 
roloctod r o  that no rocurlty c l r r r l l icr t lon 11 n q u l n d .  Idontl- 
florr, much rr oqulpmont modo1 d o r l p r t l o n ,  t n d o  nom., mllltrr 
proloct cod0 nom., 
wordr but wlll bo foTfowod by an lndlcrtlon of tochnlcrl con- 
toat. Tho rrrlgnmont of l lnkr,  rulor, and wolghtr 11 optlonrl. 

ognphlc  locrtlon, may bo urod am koy 

I 
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